Abstract. The study was conducted in 2009-2013 on a total of 1587 (1230 females and 357 males) sheep of meat breeds (Berrichone du cher, Suffolk and Charolaise) and wool-meat breeds (Polish Merino, old type Polish Merino, Corriedale andŻelaźnień-ska sheep) at age two to 11 years. Highly significant (P ≤ 0.01) effect of breed on the frequency of scrapie alleles and genotypes, and significant effect (P ≤ 0.05) of sex in the case of old type Polish Merino, were found. Most alleles (ALRR, ALRQ, ALHQ, ALRQ, AFRQ, VLRR, VLRQ) were found in Polish Merino and only two (ALRR and ALRQ) in Suffolk. Amino acid phenylalanine encoded at codon 141 occurred only in combination with AFRQ allele, while leucine in the other six. Seventeen scrapie genotypes were identified, most in Polish Merino and Corriedale (12 each), Zelaźnieńska sheep and Berrichon du cher (5 each), Charolaise (3) and Suffolk (2). Very high frequency of ALRR/ALRR in Suffolk and Berrichon du cher reveals their high genetic resistance to both forms of scrapie. Low frequencies of genotypes susceptible to classical scrapie were found in Charolaise and genotypes suspected to genetic lack of resistance to atypical scrapie inŻelaźnieńska sheep. Many signs of genetic susceptibility to both forms of scrapie were found in Merino and Corriedale, which requires new appropriate breeding programs leading to elimination those conditions from sheep population, especially in old type Polish Merino.
. ARR allele ensure the least sensitivity to scrapie (which is result of encoding alanine -A, arginine -R and also arginine -R), while allele VRQ is responsible for the high degree of genetic susceptibility to this disease -(which is result of encoding alanine valine -V , arginine -R, glutamine -Q) [Kaal and Windig 2005 , Kaam et al. 2005 , Palhiere et al. 2008 , Rejduch et al. 2009 ]. In the case of atypical scrapie (Nor98), which for the first time was described by Bebestadt et al. [2003] , suspected alleles were located at codon 141 [Goldman 2008 , Mcintyre et al. 2008 , Mazza et al. 2010 , which encodes the phenylalanine (F) and leucine (L). Alleles with F are more frequently accompanied by clinical forms of this disease [Goldman 2008 , Mcintyre et al. 2008 ] Moreover, classical scrapie can exist simultaneously with the atypical form in the herds of sheep [Mazza et al. 2010] .
So far, research in Poland has been conducted only in order to monitor the occurrence of alleles of classical scrapie in many breeds of sheep [Palhiere et al. 2008 , Rejduch et al. 2009 , Wiśniewska and Mroczkowski 2009 , despite the first case of atypical form of scrapie in 2009 [Polak et al. 2010 ]. The result of previous studies proved the absence of the alleles encoding valine at codon 136 in Polish Heath Sheep and different frequency of their presence in other breeds [Rejduch et al. 2009 , Wiśniewska and Mroczkowski 2009 , Niżnikowski et al. 2013 . Relatively few papers relate to alleles of scrapie located at codon 141. It is worth to carry out breeding work aimed to eliminate not only VRQ allele but also allele encoding phenylalanine at codon 141 from sheep population. Those actions should lead to improve genetic resistance to both forms of scrapie. Therefore, the assumed direction of the research aimed to determine the prevalence of the genetic determinants of both forms of scrapie in meat and wool-meat sheep held all over the country.
MATERIAL AND METHODS
The study was conducted in 2009-2013 in meat sheep flocks: Berrichon du cher (one flock from Wielkopolskie Voivodeship); Suffolk (two flocks from Wiel-kopolskie Voivodeship) and Charolaise (two flocks from Wielkopolskie Voivodeship) and wool-meat sheep flocks: Polish Merino (three flocks from Wielkopolskie Voivodeship, eight flocks from Kujawsko-Pomorskie Voivodeship); Old type Polish Merino (one flock from Wielkopolskie Voivodeship, five flocks from Mazowieckie Voivodeship, eight flocks from Kujawsko-Pomorskie Voivodeship); Corriedale (two flocks from Podlaskie Voivodeship);Żelaźnieńska sheep (two flock from Podlaskie Voivodeship and one flock from Łódzkie Voivodeship). Animals were at age of two to 11 years (Table 1) . Herds were randomly selected for sampling. For the isolation of genomic DNA animal blood samples were obtained from vein jugularis into tubes containing anticoagulant EDTA. DNA was isolated from blood leucocytes using the conserved EDTA. In order to obtain high quality DNA suitable after freezing and thawing of a reusable, blood was pretreated with the resulting DNA modification by removal of heme-compounds lysis of erythrocytes products. DNA was isolated from leukocytes by chromatography on mini-columns of silicate (A&A Biotechnology). The obtained fraction was used as template DNA for amplification of polymorphic gene allele fragment. Sample genotyping was performed with KASPar ® (www.kbioscience.co.uk), system which use the single nucleotide polymorphism (SNP) based on primers listed in Table 2 .
The high reliability of SNP method compared to the sequencing method was proved by Green et al. [2006] . Based on the reading of DNA samples genotyped within the ewes and rams frequency distributions of alleles and genotypes were presented. This action was a preparatory act to the next stages of research. For the statistical evaluation SPSS software version 22.0 was used. The impact of breed and sex within the breed for attendance of alleles and genotypes was assessed using the χ 2 test. The results are shown in the tables. With regard to the effect of breed, alleles have 36 degrees of freedom and the genotypes -76 degrees of freedom. In contrast, the test results for breeds disaggregated by sex: from one degree of freedom for Suffolk up to five degrees of freedom for the Polish Merino for alleles and from one degree of freedom for the Suffolk up to 12 degrees of freedom for Polish Merino and Corriedale for genotypes. Degrees of freedom were fixed within breeds according to the formula: (number of sexes -one) × (number of alleles or genotypes -one). The results are summarized in Tables.
RESULTS AND DISCUSSION
In Table 3 the distributions of alleles of assessed sheep breeds disaggregated by sex are summarized. In all tested breeds highly significant (P ≤ 0.01) differences in the distributions of alleles have been found, moreover significant differences (P ≤ 0.05) between the sexes within breed were found only in oldtype Polish Merino. Generally seven alleles were found (ALRR, ALRQ, ALHQ, [Wiśniewska and Mroczkowski 2009, Niżnikow-ski et al. 2014 ] and foreign studies [Lühken et al. 2004 , Kaal and Windig 2005 , Kaam et al. 2005 , Palhiere et al. 2008 . It is worth to emphasize definitely higher frequency of ALRR allele in meat sheep compared to meat-wool breed. VLRQ allele had higher frequency of occurrence in both sexes of old type Polish Merino, rams of Polish Merino and Charolaise and ewes of Polish Merino. In these last one VLRR allele was also observed. These data (except VLRR allele) are in line with the results of earlier cited national and foreign papers. Abovementioned genotypes are consistent with the information about classical scrapie in contrast to the atypical. According to foreign studies atypical form is associated with the occurrence of phenylalanine at codon 141 and with AFRQ allele [Goldman 2008 , Mcintyre et al. 2008 , Mazza et al. 2010 . This allele occurred with highest frequency in both sexes of Corriedale and at very low frequency in both sexes oḟ Zelaźnieńska sheep and both Merino breed. Other breeds did not have that allele. Generally, breeding work should be urgently directed to eliminate animals containing encoded valine at codon 136 (in particular both Merino breeds, Corriedale and Charolaise) and phenylalanine at codon 141 (in particular both Merino breeds, Corriedale andŻelaźnieńska sheep). The distributions of scrapie genotypes are in Table 4 .
There was no significant impact of sex within breed on scrapie genotypes distribution, while the differences between breeds were highly significant (P ≤ 0.01). After analysing the research data 17 genotypes were found: Polish Merino and Corriedale -12; old type Polish Merino -11,Żelaźnieńska sheep and Berrichon du cher -five; Charolaise -three; Suffolk -two. The genotypes with highest frequencies were: ALRR/ALRR (39.6%), ALRR/ALRQ (35.9%), ALRQ/ALRQ % 63.9 26.9 3.6 0.0 1.8 0.0 3.8 100.0 Effect of breed -P ≤ 0.01; effect of sex in old type Polish Merino -P ≤ 0.05. Wpływ rasy -P ≤ 0,01; wpływ płci w obrębie merynosa polskiego starego typu -P ≤ 0,05.
(7.2%), ALRR/ALHQ (5.9%), VLRQ/ALRR (4.3%) and ALRR/AFRQ, VLRQ/-ALRQ (both 2.3%). Other genotypes occurred with frequencies less than 0.6 per-cent. Genotypes: ALRQ/ALHQ, ALRQ/ALRH, ALRQ/AFRQ, ALHQ/ALHQ, ALHQ/AFRQ, AFRQ/AFRQ, VLRR/ALRR, VLRQ/ALHQ, VLRQ/AFRQ, VL-RQ/VLRQ have not been found in either sex ofŻelaźnieńska sheep, Berrichon du cher, Suffolk; Corriedale rams and Charolaise ewes. The highest frequency of ALRR/ALRR genotype was found in both sexes of Berrichon du cher and Suffolk and in Charolaise ewes, which proves their high genetic resistance to classical form of scrapie [Lühken et al. 2004 , Kaam et al. 2005 , Kaal and Windig 2005 , Goldaman 2008 , Palhiere et al. 2008 , Wiśniewska and Mroczkowski 2009 , Mazza et al. 2010 , Niżnikowski et al. 2013 . This genotype was present in all studied breeds except that, its lowest frequency has been found in both sexes of Polish Merino and Corriedale and old type of Polish Merino ewes and Charolaise rams. The heterozygote ALRR/ALRQ genotype also occurred in all breeds, with the highest frequency in both sexes ofŻelaźnieńska sheep and Charolaise rams and the lowest in both sexes of Corriedale, Berrichon du cher and Suffolk. Genotype ALRR/ALHQ occurred most often in both sexes of Corriedale and Berrichon du cher, while its absence was noted in Suffolk and Charolaise. The highest frequency of ALRQ/ALRQ genotype was in Polish Merino rams and old type Polish Merino ewes. It was not present in both sexes of Suffolk and Charolaise, Corriedale rams and Berrichon du cher ewes. ALRQ/ALHQ genotype was only found in both sexes of Polish Merino and in old type Polish Merino ewes. ALRQ/ALRH genotype was only in one Polish Merino ewe and ALHQ/ALHQ genotype -only in one Corriedale ewe.
In the research material a great deal of genotypes contain alleles VLRR, VLRQ and AFRQ -a total of ten. VLRR/ALRR genotype was observed just in one Polish Merino ewe. VLRQ/ALRR genotype, was found in both sexes of old type Polish Merino, Polish Merino ewes and Charolaise rams. VLRQ/ALRQ and VLRQ/AL-HQ genotypes were found in ewes and rams of both Merino breeds and Corriedale ewes, whereas VLRQ/VLRQ genotype in two ewes and one ram of old type Polish Merino. The homozygote VLRQ genotype is the least desirable due to the total lack of genetic resistance to scrapie. Other genotypes in combination with this allele must be removed from the population of sheep. Based on papers [Goldman 2008 , Mcintyre et al. 2008 in which relationship between atypical form of scrapie and conditions at codon 141 was confirmed, five genotypes were determined. Among them, ALRR/AFRQ genotype had a highest frequency in both sexes of Corriedale, and was absent in the meat breeds as well as in rams of both Merino breeds. ALRQ/AFRQ genotype was observed only in old type Polish Merino ewes. While ALHQ/AFRQ and AFRQ/AFRQ genotype only in Corriedale ewes. Genotype AFRQ/AFRQ, despite the presence in only two sheep, is highly undesirable, like VLRQ/VLRQ, and should be eliminated at first. Very specific VLRQ/AFRQ genotype was found in four Corriedale ewes. The results obtained by Mazza et al. [2010] indicate the possibility of co-existence of both classic and atypical scrapie, not only in one herd, but also in one sheep. Summing up, research confirmed the possibility of both forms of scrapie practically in most breeds of sheep, with the exception Berrichon du cher and Suffolk. In this regard, urgent work should be carried out in flocks of both Merino breeds and Corriedale. In herds ofŻelaźnieńska sheep elimination of AFRQ allele carriers is require, similarly VLRQ allele carriers in Charolaise. These activities require minor adjustments atŻelaźnieńska sheep and Charolaise breeds and precise breeding program in both Merino breeds and Corriedale.
CONCLUSIONS
Based on the studies carried out in four wool-meat breeds and three meat breed was found:
1. Highly significant impact of breed on frequencies of alleles and genotypes of scrapie (P ≤ 0.01) and significant (P ≤ 0.05) impact of sex on frequency of allele within old type Polish Merino. 2. The higher number of alleles -seven (ALRR, ALRQ, ALHQ, ALRQ, AF-RQ, VLRR and VLRQ) in Polish Merino was found, while the lowest number was observed in the Suffolk (ALRR and ALRQ). 3. Phenylalanine amino acid which is encoded at codon 141 were occurred only in AFRQ allele combination, while leucine in another six. 4. Seventeen genotypes of scrapie were identified, 12 in the Polish Merino and Corriedale, five inŻelaźnieńska sheep and Berrichon du cher, three in Charolaise and two in Suffolk. 5. Very high frequencies of ALRR/ALRR genotype were observed in Berrichon du cher and Suffolk which indicate their high genetic resistance to both forms of scrapie. 6. In both Merino breeds and Corriedale were found a great deal of conditions genetically susceptibility to both forms of scrapie, which require the development of appropriate breeding programs leading to their elimination from populations of sheep, with particular reference to old type Polish Merino.
